A numerical solution to the problem of mixed convective MHD chemically reacting flow past a vertical porous plate in the presence of thermal radiation and cross diffusion effects was studied. Instead of the commonly used conditions of constant surface temperature or constant heat flux, a convective boundary condition is employed which makes this study unique and the results more realistic and practically useful. The momentum, energy, and concentration equations derived as coupled second-order, ordinary differential equations and are solved numerically using a highly accurate and thoroughly tested finite element method. The effects of Grashof number (defined to represent a mixed convection parameter) for heat and mass transfer, Soret number, Dufour number, Viscous dissipation parameter, Chemical reaction parameter, Permeability parameter, Thermal radiation parameter and Biot number on the velocity, temperature and concentration profiles are illustrated and interpreted in physical terms. The present results agree closely with the existing results for the special cases of the problem. This close agreement lends support to the validity of the present analysis and the accuracy of the numerical computations. The paper also contains a table in which the data for the local skin friction, local Nusselt number and local Sherwood number are provided for various combination values of the parameters that govern the momentum, energy and concentration convey in the mixed boundary layer.
Introduction
The analysis of mixed convection boundary layer flow along a vertical surface embedded in porous R. Srinivasa Raju / American Journal of Heat and Mass Transfer (2017) Vol. 4 No. 3 pp. 53-74 54 medium has received considerable theoretical and practical interest. A number of studies have been reported in the literature focusing on the problem of mixed convection about different surface geometries in porous media. A review of convective heat transfer in porous medium is presented in the book by Nield and Bejan (2013) . The homotopy analysis method was employed by Rashidi et al. (2014) to free convective heat and mass transfer in a steady two-dimensional magnetohydrodynamic fluid flow over a stretching vertical surface in porous medium. Bég et al. (2014) investigated the combined heat and mass transfer by mixed magneto-convective flow of an electrically conducting flow along a moving radiating vertical flat plate with hydrodynamic slip and thermal convective boundary conditions. Freidoonimehr et al. (2015) investigated the transient MHD laminar free convection flow of nano-fluid past a vertical surface was considered porous and stretched under acceleration. The boundary-layer forms of the governing partial differential equations (momentum and energy equations) were transformed into highly nonlinear coupled ordinary differential equations (ODEs) using fourth order Runge-Kutta method based shooting technique. Dinarvand et al. (2010) found similarity solutions for the unsteady laminar incompressible boundary layer flow of a viscous electrically conducting fluid in stagnation point region of an impulsively rotating and translating sphere with a magnetic field and a buoyancy force gives a system of non-linear partial differential equations. The effect of non-uniform magnetic field on nanofluid forced convection heat transfer in a lid driven semi-annulus was discussed by Sheikholeslami et al. (2015) . In this paper, authors used control volume based finite element method to solve the governing equations in the form of stream function-vorticity formulation for the thermophoresis and Brownian motion effects are taken into account. Sheikholeslami et al. (2016) studied the forced convection heat transfer in a semi annulus lid under the influence of a variable magnetic field with the help of control volume based finite element method. A numerical study was Garoosi et al. (2015) carried out concerning natural and mixed convection heat transfer of nanofluid in a two-dimensional square cavity with numerous pairs of heat source-sinks. In this research, authors solved two-dimensional Navier-Stokes, energy and volume fraction equations by applying the finite volume method. Makinde and Aziz (2010) studied the effects of the heat and mass transfer from a vertical plate embedded in a porous medium experiencing a first-order chemical reaction and exposed to a transverse magnetic field. Ramana Murthy et al. (2015) discussed the effects of heat and mass transfer magnetohydrodynamic natural convective flow past an infinite vertical porous plate in presence of thermal radiation and hall current using finite element method. Mixed convection flow of electrically conducting power law fluids along a vertical wavy surface in the presence of a transverse magnetic field was studied numerically by Nejad et al. (2015) . Xiao-dong Wang et al. (2015) developed nonlinear mathematical models for onedimensional flow by defining new dimensionless variables with unknown moving boundaries in semi-infinite porous media. Vajravelu et al. (2013) studied the effects of thermo-physical properties on the flow and heat transfer in a thin film of a power-law liquid over a horizontal stretching surface in the presence of a viscous dissipation. Saleem and Nadeem (2015) studied the mutual effects of viscous dissipation and slip effects on a rotating vertical cone in a viscous fluid. Adesanya and Makinde (2015) made the thermodynamic analysis in forced convective flow of a third grade fluid through a vertical channel. Swati Mukhopadhyay and Vajravelu (2013) investigated the twodimensional flow of a non-Newtonian fluid over an unsteady stretching permeable surface. The visco-elastic boundary layer flow and the heat transfer near a vertical isothermal impermeable surface and in a quiescent fluid were examined by Duwairi et al. (2010) . In this paper, the authors were formulated the governing equations and solved numerically using Mack-Cormak's technique. Sivaiah and Srinivasa studied the effects of Hall current and Heat source on unsteady magnetohydrodynamic free convective heat and mass transfer flow in the presence of viscous dissipation. Anand Rao et al. (2012) studied the effect of chemical reaction on an unsteady MHD free convection fluid past a semi-infinite vertical plate embedded in a porous medium with heat absorption. Shiva Reddy Sheri and Srinivasa Raju (2016) studied the effect of viscous dissipation on transient free convective flow past an infinite vertical porous plate in presence of magnetic field using Galerkin finite element method. Rao et al. (2013) found the numerical solutions by applying Galerkin finite element method on unsteady MHD heat and mass transfer flow past a semi-infinite moving vertical plate in presence of radiation and viscous dissipation. Anand Rao et al. (2012) investigated the effect of hall current on MHD transient flow past an impulsively started infinite horizontal porous plate in a rotating fluid using Galerkin finite element method. The effects of heat and mass transfer on magnetohydrodynamic flow past a viscous fluid past a vertical plate under oscillatory suction velocity embedded in porous medium studied by Anand Rao et al. (2012) . Jithender studied the effect of chemical reaction and radiation on unsteady magnetohydrodynamic free convection from an impulsively started infinite vertical plate with viscous dissipation. Srinivasa Raju et al. (2016) found both analytical and numerical results of unsteady magnetohydrodynamic free convective flow past an exponentially moving vertical plate with heat absorption and chemical reaction.
When heat and mass transfer occur simultaneously in a moving fluid, the relations between the fluxes and the driving potentials are of a more integrate nature. It has been observed that an energy flux can be generated not only by temperature gradients but also by concentration gradients. The energy flux caused by a concentration gradient is termed the diffusion thermo (Dufour) effect. On the other hand, mass fluxes can also be created by temperature gradients and this embodies the thermal diffusion (Soret) effect. In most of the studies related to heat and mass transfer process, Soret and Dufour effects are neglected on the basis that they are of a smaller order of magnitude than the effects described by Fourier's and Fick's laws. But these effects are considered as second order phenomena and may become significant in areas such as hydrology, petrology, geosciences, etc. The Soret effect, for instance, has been utilized for isotope separation and in mixture between gases with very light molecular weight (H2 or He) and of medium molecular weight (N2 or Air). The Dufour effect was found to be of order of considerable magnitude such that it cannot be neglected (1972). Rashidi et al. (2011) have derived analytical expressions for the solution of steady MHD convective and slip flow due to a rotating disk by taking viscous dissipation and Ohmic heating into account. The results of mixed convective heat and mass transfer flow found by Srinivasacharya et al. (2015) along a wavy surface in a Darcy porous medium were presented in the presence of cross diffusion effects. Mahdy et al. (2015) studied laminar magnetohydrodynamic thermo solutal Marangoni convection along a vertical surface in the presence of the Soret and Dufour effects. Vedavathi et al. (2015) dealt with the effects of heat and mass transfer on two-dimensional unsteady MHD free convection flow past a vertical porous plate in a porous medium in the presence of thermal radiation under the influence of Dufour and Soret. Hsiao et al. (2014) investigated the combined heat and mass transfer of an electrically conducting, non-Newtonian power-law fluid in MHD free convection adjacent to a vertical plate within a porous medium in the presence of the thermophoresis particle deposition effect. Pal and Chatterjee (2013) studied MHD mixed convection with the combined action of Soret and Dufour on heat and mass transfer of a power-law fluid over an inclined plate in a porous medium in the presence of variable thermal conductivity, thermal radiation, chemical reaction and Ohmic dissipation and suction/injection. The free convection boundary layer flow over an arbitrarily inclined heated plate in a porous medium with Soret and Dufour effects was studied by Cheng (2012) by transforming the governing equations into a universal form. Cheng (2011) studied the heat and mass transfer characteristics of natural convection near a vertical wavy cone in a fluid saturated porous medium with Soret and Dufour effects. Pal and Chatterjee (2011) studied the combined effects of Soret and Dufour on mixed convection magnetohydrodynamic heat and mass transfer in micropolar fluid-saturated Darcian porous medium in the presence of thermal radiation, non-uniform heat source/sink and Ohmic dissipation. The effect of viscosity and thermal conductivity on nonlinear and linear stability in a horizontal porous medium saturated by a nanofluid has been investigated by Umavathi et al. (2015) . The simultaneous effects of Soret and Dufour effects on unsteady coupled heat and mass transfer flow over a vertical cone rotating in an ambient fluid with a time-dependent angular velocity in the presence of a chemical reaction and magnetic field studied by Chamkha and Rashad (2014) . Mallikarjuna et al. (2014) The heat and mass transfer characteristics of the unsteady electrically conducting fluid flow past a suddenly started vertical infinite flat plate studied by Turkyilmazoglu and Pop (2012) . Turkyilmazoglu (2012) found the multiple analytic solutions of heat and mass transfer of magnetohydrodynamic slip flow for two types of viscoelastic fluids over a stretching surface. Siva Reddy Sheri and Srinivasa studied the effect of Soret on an unsteady magnetohydrodynamics free convective flow past a semi-infinite vertical plate in the presence viscous dissipation. The effects of thermal radiation and Heat source on an unsteady MHD free convection flow past an infinite vertical plate with thermal diffusion and diffusion thermo discussed by Srinivasa Raju et al. (2013) . Anand Rao and Srinivasa Raju (2011) studied the effects of Hall currents, Soret and Dufour on MHD flow and heat transfer along a porous flat plate with mass transfer. Sudhakar et al. (2013) studied the effect of hall current on an unsteady MHD flow past along a porous flat plate with thermal diffusion, diffusion thermo and chemical reaction by using Galerkin finite element method. Srinivasa Raju (2016) studied the combined effects of thermaldiffusion and diffusion-thermo on unsteady free convection fluid flow past an infinite vertical porous plate in presence of magnetic field and chemical reaction using finite element technique. Srinivasa Raju et al. (2016) studied the application of finite element method to unsteady MHD free convection flow past a vertically inclined porous plate including thermal diffusion and diffusion thermo effects. The results of thermal radiation and heat source on an unsteady MHD free convective fluid flow over an infinite vertical plate in occurrence of thermal diffusion and diffusion thermo were discussed by Raju et al. (2013) . Rao and Raju (2011) studied the effects of Hall currents, Soret and Dufour on MHD flow and heat transfer along a porous flat plate with mass transfer.
Motivated by the investigations and applications mentioned above, the aim of this present investigation is to consider the effects of thermal diffusion and diffusion thermo on mixed convection flow past a vertical plate embedded in a porous medium in presence of chemical reaction, thermal radiation and convective boundary condition. The governing partial differential equations are converted into ordinary differential equations by similarity transformation and are solved numerically by using Galerkin finite element method. The results obtained are presented graphically for velocity, temperature and concentration profiles for various parameters entering into the problem. The numerical values of local skin-friction, local rate of heat transfer parameter and local mass transfer parameter are also presented in tabular forms. The aim of the present paper is to extend the study of Makinde and Aziz (2010) Under these assumptions, the Boussinesq's and boundary layer approximations, the momentum, energy and concentration equations can be written (Makinde and Aziz [2010] ), Momentum Equation:
Mathematical Formulation
The appropriate boundary conditions for this flow are
Where the convective heating process at the plate is characterized by the hot fluid temperature * f T and the heat transfer coefficient f h . However, Cogley et al. (1968) showed that, in the optically thin limit for a gray gas near equilibrium the following relation holds:
Introducing the following dimensionless quantities In view of Eqs. (5), (6) and (7), Eqs. (1) to (3) may be written in dimensionless form as follows:
The corresponding initial and boundary conditions in dimensionless form are:
All the physical parameters are defined in the nomenclature. It is now important to calculate the physical quantities of primary interest, which are the local wall shear stress, the local surface heat and mass flux.
Skin-friction Knowing the velocity field, the skin-friction at the plate can be obtained, which in non-dimensional form is given by
Nusselt number Knowing the temperature field, the heat transfer coefficient can be obtained which in the non-dimensional form, in terms of the Nusselt number, is given by
Sherwood number Knowing the concentration filed, the rate of mass transfer coefficient can be obtained, which in the non-dimensional form, in terms of the Sherwood number, is given by
is the Reynold's number.
Numerical Solution by Galerkin Finite Element Method
Finite Element Method The finite element method (FEM) is a numerical and computer based technique of solving a variety of practical engineering problems that arise in different fields such as, in heat transfer, fluid mechanics (Bhargava and Rana (2011) ), chemical processing (Lin and Lo (2003) ), rigid body dynamics (Dettmer and Peric (2006) ), solid mechanics (Hansbo and Hansbo (2004) ), and many other fields. It is recognized by developers and users as one of the most powerful numerical analysis tools ever devised to analyze complex problems of engineering. The sophistication of the method, its accuracy, simplicity, and computability all make it a widely used tool in the engineering modeling and design process. It has been applied to a number of physical problems, where the governing differential equations are solved by transforming them into a matrix equation. The primary feature of FEM (Bathe (1996) and Reddy (1985) ) is its ability to describe the geometry or the media of the problem being analyzed with great flexibility. This is because the discretization of the domain of the problem is performed using highly flexible uniform or non uniform patches or elements that can easily describe complex shapes. The method essentially consists in assuming the piecewise continuous function for the solution and obtaining the parameters of the functions in a manner that reduces the error in the solution. The steps involved in the finite element analysis areas follows.
Step 1: Discretization of the Domain The basic concept of the FEM is to divide the domain or region of the problem into small connected patches, called finite elements. The collection of elements is called the finite element mesh. These finite elements are connected in a nonoverlapping manner, such that they completely cover the entire space of the problem.
Step 2: Generation of the Element Equations i) A typical element is isolated from the mesh and the variational formulation of the given problem is constructed over the typical element. ii) Over an element, an approximate solution of the variational problem is supposed, and by substituting this in the system, the element equations are generated.
iii) The element matrix, which is also known as stiffness matrix, is constructed by using the element interpolation functions.
Step 3: Assembly of the Element Equations The algebraic equations so obtained are assembled by imposing the inter element continuity conditions. This yields a large number of algebraic equations known as the global finite element model, which governs the whole domain.
Step 4: Imposition of the Boundary Conditions On the assembled equations, the Dirichlet's and Neumann boundary conditions (11) are imposed.
Step 5: Solution of Assembled Equations The assembled equations so obtained can be solved by any of the numerical techniques, namely, Gauss elimination method, LU decomposition method, and the final matrix equation can be solved by a direct or indirect (iterative) method. For computational purposes, the coordinate y is varied from 0 to 90 max  y , where max y represents infinity .,
.e i external to the momentum, energy and concentration boundary layers.
Variational formulation
The variational formulation associated with Eqs. (8)- (10) w are arbitrary test functions and may be viewed as the variation in , u  and  respectively. After reducing the order of integration and non-linearity, we arrive at the following system of equations. The finite element model of the equations for eth element thus formed is given by In one-dimensional space, linear element, quadratic element, or element of higher order can be taken. The entire flow domain is divided into 10000 quadratic elements of equal size. Each element is three-noded, and therefore the whole domain contains 20001 nodes. At each node, four functions are to be evaluated; hence, after assembly of the element equations, we obtain a system of 80004 equations which are nonlinear. Therefore, an iterative scheme must be utilized in the solution. After imposing the boundary conditions, a system of equations has been obtained which is solved by the Gauss elimination method while maintaining an accuracy of 0.00001. A convergence criterion based on the relative difference between the current and previous iterations is employed. When these differences satisfy the desired accuracy, the solution is assumed to have been converged and iterative process is terminated. The Gaussian quadrature is implemented for solving the integrations. The code of the algorithm has been executed in MATLAB running on a PC. Excellent convergence was achieved for all the results.
Results and Discussions
In the previous sections, we have formulated and solved the problem of the influence of thermal diffusion (Soret) and diffusion thermo (Dufour) on magnetohydrodynamic mixed convective flow past a vertical plate embedded in a porous medium with chemical reaction and convective boundary condition. Final results are computed for variety of physical parameters which are presented by means of graphs and tabular forms. The results are obtained to illustrate the influence of the Soret number, Dufour number, Grashof number for heat and mass transfer, Viscous dissipation parameter, Schmidt number, Chemical reaction parameter, Permeability parameter and Biot number on the velocity, temperature and the concentration profiles, while the values of some of the physical parameters are taken as constant such as Pr = 0.7333 which corresponds to Air and Up = 0.5 in all the tables and figures. Choose some physical parameters are fixed at real constants with Gr = 2.0, Gc = 2.0, M = 0.5, K = 0.5, Sc = 0.5, Sr = 0.5, Du = 0.5, Ec = 0.001, kr = 0.5 and Bn = 1.0 unless specifically indicated on the appropriate graphs and tables. In addition, the boundary condition y → ∞ is approximated by max y = 90, which is sufficiently large for the velocity to approach the relevant stream velocity. To test the validity of the present numerical solution, we have compared the selected results of the Galerkin finite element method with those obtained by sixth order Runge-Kutta Method as shown in Table- 1. An excellent agreement has been found between the solutions obtained by the Galerkin finite element method and sixth order Runge-Kutta methods. The influence of the parameters Gr, Gc, M, K, Sc, Sr, Du, Ec, kr and Bn on velocity, temperature and concentration profiles can be analyzed from Figs. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17. Figs. 2 and 3 present the effect of thermal Grashof number Gr and solutal Grashof number Gc on the velocity profile of the flow field. It is observed from the velocity profiles that the effect of Gr is to enhance the velocity of the flow field at all the points since buoyancy force acts like a favorable pressure gradient which accelerates the fluid within the boundary layer. Similar effects are observed by increasing the solutal Grashof number Gc which also helps in accelerating the velocity of the flow field with considerably reduction in the solutal boundary layer thickness. The effect of magnetic field on velocity profiles in the boundary layer is depicted in Fig. 4 . From this figure it is seen that the velocity starts from minimum value of zero at the surface and increases till it attains the peak value and then starts decreasing until it reaches to the minimum value at the end of the boundary layer for all the values of magnetic field parameter (Hartmann number). It is interesting to note that the effect of magnetic field is to decrease the value of the velocity profile throughout the boundary layer. The effect of magnetic field is more prominent at the point of peak value i.e. the peak value drastically decreases with increases in the value of the magnetic field, because the presence of magnetic field in an electrically conducting fluid introduces a force called the Lorentz force, which acts against the flow if the magnetic field is applied in the normal direction, as in the present problem. This type of resisting force slows down the fluid velocity as shown in this Fig. 4 . Fig. 5 shows the effects of the permeability of the porous medium parameter K on the velocity distribution. As shown, the velocity is increasing with the increasing dimensionless porous medium parameter. The effect of the dimensionless porous medium parameter K becomes smaller as K increases. Physically, this result can be achieved when the holes of the porous medium are very large so that the resistance of the medium may be neglected. Fig. 7 . Concentration profiles for different Sc Fig. 6 describes the effect of Schmidt number Sc on the velocity profiles of the flow field which reveal that the velocity profile decreases with increase in the value of Schmidt number, i.e., the presence of heavier diffusing species has a retarding effect on the velocity of the flow field. The effect of Schmidt number Sc is on concentration profiles is as shown in Fig. 7 . It is observed from this figure that the effect of Schmidt number Sc is to decrease the concentration distribution for lower values of Sc in the solutal boundary layer. As can be expected that the mass transfer rate increases as Sc increases, for all other parameter fixed, that is an increase in the Schmidt number Sc decreases the concentration boundary layer thickness which is associated with the reduction in the concentration profiles. Physically, the increase of Sc means decrease of molecular diffusion D. Hence, the concentration of the species is higher for small values of Sc and lower for larger values of Sc. The effect of Soret number Sr on the velocity profiles is shown in Fig. 8 . From the definition, Soret number is the ratio of temperature difference to the concentration. Hence, the bigger Soret number stands for a larger temperature difference and precipitous gradient. From this figure it is observed that the velocity profiles increase with increasing the values of the Soret number Sr. Thus the fluid velocity rises due to greater thermal diffusion factor. It is found that an increase in the Dufour number causes a rise in the velocity and temperature throughout the boundary layer. For, the temperature profiles decay smoothly from the plate to the free stream value. However for, a distinct velocity overshoot exists near the plate, and thereafter the profile falls to zero at the edge of the boundary layer. Fig. 15 . It is noticed for the graph that there is marked effect of increasing the value of the chemical reaction rate parameter kr on concentration distribution in the boundary layer. It is clearly observed from this figure that the concentration of species which is greater than 1 at the start of the boundary layer decreases slowly till it attains the minimum value of zero at the end of the boundary layer and this trend is seen for all the values of reaction rate parameter. Further, it is observed that increasing the value of the chemical reaction decreases the concentration of species in the boundary layer, this is due to the fact that destructive chemical reduces the solutal boundary layer thickness and increases the mass transfer. Fig. 16 shows the velocity profiles with or without Biot number. Here, we emphasis that the Biot number (Bn) is the ratio of the internal thermal resistance of the plate to the boundary layer thermal resistance. It is interesting to note that without Biot number (i.e. Bn = 0, the left side of the plate with hot fluid is totally insulated and no convective heat transfer to the cold fluid on the right side takes place) the peak velocity is low. As the convection Biot number increases, the plate thermal resistance reduces. Consequently, the peak velocity and the velocities in the neighbourhood of the peak increase significantly. This effect is triggered by the stronger buoyancy forces induced as a result of the increase in the strength of the convective process at the plate. The effect of Biot number (Bn) on temperature profiles is as shown in Fig. 17 . It is interesting to note that the fluid temperature on the right side of the plate increases with an increase in the Biot number, since as Bn increases, the thermal resistance of the plate decreases and convective heat transfer to the fluid on the right side of the plate increases. The numerical values of local skin-friction are presented in Table-1 
Fig. 6. Velocity profiles for different Sc

It is observed from this table that
• The skin-friction increases from 1.891515 to 2.526744 with increasing the value of M from 0.1 to 10.0, while reverse effect is found for kr (skin-friction decreases from 1.891515 to 1.886912 with increasing the value of kr from 0.1 to 2.0).
• The increase in viscous dissipation (Ec) by a factor of 2 promotes the plate from a value of 1.907069 to 1.920991.
• The skin-friction decreases as Sr decreases from 2.0 to 1.0; thereafter however it increases with a subsequent lower in Sr from 1.0 through to the least value of 0.0.
• The permeability of porous medium (K) has towering impact on Skin-friction. When the permeability of porous medium is decreased by a factor of 10, the Skin-friction decreases from 1.891515 to 0.759163, while reverse effect is found for Du (skin-friction increases from 1.891515 to 2.140661 with increasing the value of Du from 0.0 to 2.0).
• Finally, the Skin-friction increases as Bn increases very significantly as the Bn increases from 0.1 to 10.
The mathematical values of local rate of heat transfer are presented in Table-1 for disparate It is observed from this table that ❖ The potency of the magnetic field (M) has slender impact on local rate of heat transfer. For example, when the magnetic field is increased by a factor of 1, the plate temperature increases from 0.083817 to 0.080406. ❖ The rate of heat transfer increases from 0.044887 to 0.050586 with increase in Eckert number (Ec) from 1.0 to 2.0, while reverse effect is found for kr (rate of heat transfer decreases from 0.083162 to 0.083361 with increasing the value of kr from 1.0 to 2.0). ❖ As Dufour number values increases from 1.0 to 2.0, then the rate of heat transfer values are increases from 0.153091 to 0.210094, whereas overturn effect is found for K. ❖ The effectiveness of the Soret number (Sr) (increases from 1.0 to 2.0) has lean impact on rate of heat transfer (increases from 0.000553 to 0.000263). ❖ Finally, the rate of heat transfer increases as Bn increases very notably as the Bn increases from 0.1 to 10. The results of local rate of mass transfer are presented in Table-1 It is observed from this table that  The effect of Soret number is seen more prominently for rate of mass transfer i. e., there is sharp increase in the value of rate of mass transfer.  The rate of mass transfer increases from 0.459012 to 1.539295 with increase in chemical reaction parameter kr from 0.1 to 2.0  There is no effects of M, K and Ec are seen on rate of mass transfer.  The increase in Dufour number (Du) by a factor of 2 promotes the plate from a value of 0.453920 to 0.466092.  Finally, the rate of mass transfer increases as Du increases very significantly as the Du increases from 0.1 to 2.0.
In order to compare the present results (under some limiting conditions) with those of Makinde and Aziz (2010) , an excellent agreement has been found with their results which confirm that the present numerical solutions of the problem correct and computed values are accurate.
Conclusions
The effects of thermal diffusion and diffusion thermo on magnetohydrodynamic mixed convective flow past a vertical plate embedded in a porous medium with chemical reaction and convective boundary condition. The computed values obtained from the numerical solutions of velocity, temperature, concentration fields are presented graphically and local skin friction coefficient, the local Nusselt number, and the local Sherwood number are presented in tabular form. After a suitable transformation, the governing partial differential equations were transformed to ordinary differential equations. These equations were solved numerically by using Galerkin finite element method. From the present investigation, the following conclusion are drawn:
1. The numerical results designate that the velocity increases with the increase in Grashof number, Eckert number, Permeability parameter, while it decreases as the Thermal radiation parameter, Magnetic field parameter and Schmidt number increases. 2. Dufour effects deeply influence the temperature profiles in the thermal boundary layer i.e. temperature profiles increases with the increase in the Dufour number. The analysis has shown that the temperature and concentration fields are appreciably influenced by the Dufour and Soret effects. Thus we conclude that for some kind of mixture (i.e., H2, Air) with the light molecular weight, the Soret and Dufour effects play an important role and should be considered in future studies.
